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Rectangular wavcguides are commonly used as circuit elements in
remote-sensing hcterodyne receivers at millimeter wavelengths. The advantages
of waveguides are low loss and mechanical tunability. However conventional
machining techniques for waveguide components operating above a few
hundred GHz arc complicated and costly. Waveguides tnicromachined  from
silicon however would have several important advantages including low-cost;
small size for very high frequency (submillimeter  wave) operation; high
dimensional accuracy (important for high-Q circuits); atomically smooth walls,
thereby reducing rj’ losses; and the ability to integrate active and passive devices
directly in the wavcguide on thin membranes, thereby solving the traditional
problcm of mounting thin substrates.

Wc report on the development of silicon micromachining  techniques for
fabricating silicon-based waveguide circuits which can operate up to several
THz. Both WR-10 (75 GHz - 115 GHz) and WR-4 (170 GHz - 260 GHz)
wavcguidcs have been fabricated from (1 10) silicon wafers. A potassium
hydroxide solulion is used to etch the waveguide channels. The high etching
ratio of the (1 10):(1 11) crystal planes in silicon allow for channels with vertical
sidewalls. Waveguidc channels both with and without thin (= 2 pm) silicon
nit ride membranes in the Ii-plane have been produced. Low-temperature
select ivc mctall  izat  ion techniques based on electroless  plated nickel have been
developed which coat the silicon waveguide walls but leave silicon nitride
membranes untouched. Insert ion loss measurements have been made up to
260 GHz using a broadly tunable backward wave oscillator. The results show
performance comparable to conventional metal waveguide  (within + 0.25 dB).
These techniques will allow for the fabrication of complex, high-frequency
waveguidc components which would bc practically impossible by conventional
techniques.
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